Abstract: An attempt was made to assess the level of heavy metal transfer from forage plants to reindeer (Rangifer tarandus L.) in an area in northern Lapland affected from dust from an open pit copper mine.
Introduction
Copper is extracted through open pit mining at Aitik, county of Norbotten, Sweden (Fig. 1.) .
Blasting causes emission of metal-containing dust (Ruhling, 1978 & 1979 , Goransson, 1983 .
Applying for permission to increase production Boliden Mining Co. Ltd. was instructed by the National Franchise Board for Environment Protection to examine whether content of certain metals in and on reindeer forage plants and reindeer organ tissues exceeded current toxicological standards as prerequisites for a good state of health. This clam was caused by the fact that the mining area is situated within the summer range of Gallivare Forest Saami Community and that fears had been uttered by the Saami Community that the reindeer (and consequently the meat market) might be affected by heavy metals deposited with the dust.
The contents of copper and zinc in the moss
Pleurozium schreberi and reindeer lichen (Cladina spp.) growing around the mine were analysed by Ruhling (1978 Ruhling ( 5C 1979 . High copper concentrations (1600 mg/kg) were observed in the moss growing in the immediate vicinity of the mine, and concentrations over 100 mg/kg were found as far as at a three kilometre distance.
The regional background level of 5 -10 mg/kg was not reached until some ten kilometres from the mine, and elevated zinc contents were observed only in the immediate neighbourhood of the mine centre. Similar conditions but with lower metal concentrations (not more than 370 mg Cu/kg) were observed in reindeer lichen (Cladina rangiferina).
The Aitik area is used by the Ratukka Group of the Gallivare Saami Community (SOU 1966) . Direct movements between seasonal grazing areas are made only to a limited extent.
The movements of the reindeer herds are described as "roving" or migration grazing (Planverket, 1974) . Grazing of the area occurs mainly when there is no snow on the ground (July through September) but reindeer herds may be present in the area even at other times of the year (Erik Lindstrom, the County Government; Ake Nordvall, the Ratukka Group).
Aims
This study aims at -clarifying the reindeer's choice of forage plants in the Aitik area during summer time,
-studying the content of metals in important reindeer forage plants, and -studying the metal content in reindeer organs.
Areas for collection of biological materials
The mining site (lat. 67° 05' N, long. 20° 55' E) and the reference area (lat. 66° 15' N, long 18° 15' E) (cf. Fig. 1 ) are both within the Fennoscandian subprovince of the Boreal European-Westsibirian flora province (Sjors, 1956 ). The vegetation is a mosaic of coniferous forests and poor northern fens (Domanverket, 1981) . , 1953 -1971) .
Winds from W -NW and from SE are dominating throughout the year (Fig. 4) .
The reference area was considered free of deposition and man-made effects, but it is situated in the periphery of an ore province (Ores, industrial minerals, and rocks in Sweden. Map, SGU, ser. Ba No. 29, 1979) .
Materials
Collecting has been carried out around Aitik and within a reference area (cf. Fig. 1 and At Aitik sampling plots were located at a distance of 1000, 2000, 4000, and 8000 m from the centre of the mine along NW -SE and NE -SW transects. The transects coincide with dominant wind directions (Fig. 4) . In addition plots were chosen in all points of the compass, right outside the fence surrounding the mine.
In mid-May, mid-June, mid-July, and midAugust 1982, plant samples were collected within all sampling plots. As shown in Fig. 3 and In August 1982, plant material equivalent to that of Aitik was collected at five locations within the reference area (Fig. 1) .
Reindeer lichen from the June sampling at Aitik was used for determining wheter a metal accumulation in reindeer lichen occurred after the snow-melting period.
The plant material was classified, air dried, and packed for subsequent chemical analysis.
b) Sampling of rumen content for quantitative estimation of botanical composition.
During two periods (June 11-14 and August 12 -19) five grazing reindeer, 10 animals totally, were shot in the Aitik area, and on one occasion (July 21) five reindeer were sampled during an ear-tagging session (Fig. 2) .
From each animal about 2 litres of stirred rumen content was collected and preserved for quantitative botanical analysis. 
c) Sampling of organ material
Organ tissue samples were collected from the 15 reindeer which had also contributed rumen samples (Aitik I).
Organ tissue samples were also collected from 29 reindeer (Aitik II) at routine slaughter in the autumn. Of these, 9 were slaughtered at Sjungberget, north of the mine, and 20 at Kartijarvi south of the mining area (cf. Fig. 2 ).
It should be pointed out that the degree of contact with the vicinity of the mine of the Aitik II reindeer has escaped determination. However, according to the local herdsmen most of the Ratukka-reindeer regularly utilize summer pastures round Aitik.
Reference samples from 20 reindeer were collected in connection with regular slaughter at Aberget ( (Frank 1976 (Frank , 1983 
b) Quantitative botanical analysis of rumen content
One litre of stirred rumen content was washed through a set of six sieves (mesh size ranging
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between 4000 -125 n m). Particles smaller than 125 /j. m were discarded. The plant fragments were separated by aid of a grid and examined in a microscope.
The area frequency of plant groups was converted to frequency by weight using weight constants specific for plant groups and particle sizes (Eriksson et al., 1981) .
Results and discussion
The summer diet of reindeer in the Aitik area 
Plant material

Figure 5 shows the copper concentrations in
Cladina rangiferina from the mining area.
The concentrations for copper, zinc, lead and cadmium are shown in Tables 2 and 3 .
They show the lowest and highest metal concentrations found in reindeer forage plants in the Aitik and the reference areas, respectively, as well as the date of sampling.
Considering the presence of gradients in the material from the Aitik area, which may be Metals are transferred to and accumulated in lichens by airborn dust or dissolved in rain water (Monitor, 1987) . According to Tuominen and Jaakola (1973) , lichens also are able to take up and accumulate metals from the substratum via living or dead basal parts of thalli.
Metals are usually accumulated in lichens as ions adsorbed to cell walls (Monitor, 1987 [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] ng/g dry weight (Holm 1981) . Table 4 ).
The mining company, within its own measuring program, is continuosly monitoring the dust downfall and its copper concentration at 9 measuring stations around Aitik (Goransson, 1983 
Zinc: Zinc concentrations in Cladina rangiferina
from Aitik (13 -30 mg/kg) do not differ remarkably from those of the reference area (15 -22 mg/kg, cf. Table 2 .
Lead: A study of the highest lead values found does not give any indication for a general tendency for lead accumulation. If, however, separate lead concentrations are studied in detail a less uniform picture emerges.
The lead concentration in Cladina rangiferina
from the reference area was 3.3-4.2 mg/kg as shown in Table 3 . In Aitik, where the highest concentrations were 7.1 and 6.7 mg/kg, respectively, 11 of 17 measuring plots yielded lead concentrations exceeding the highest ones from the reference area.
For Bryoria spp. higher lead concentrations can be recorded for Bryoria fuscescens than for Br. fremontii. In the latter species the lead concentrations exceeded the highest value of 5.9 mg/kg from the reference area at 7 measuring plots only, whereby the highest value round the mine was 15 mg/kg. In Br. fuscescens all values were higher (8.2 -30 mg/kg) than the highest ones of the reference area (cf. Table 3 ).
There is, however, a different picture to be seen when studying the lead uptake by vascular 
Organ material
Results of analysis of reindeer organs from
Aitik I and II and from the reference area are shown in Table 5 and are further illustrated by The copper concentrations in liver varied considerably, an observation which coincides with earlier data on copper in the livers of wild ruminants (Bonniwell 1986 ). The concentrations found in the present material were in several instances critically low, seen from the nutritional point of view. As upper limit 10 mg Cu/kg wet weight is regarded for copper deficiency in domestic ruminants, especially in sheep. Serious deficiency in considered at levels lower than 3 -5 mg/kg (Blood et al. 1989 , Fraslie et al. 1987 , Schwan et al. 1987 . (Blood et al. 1989) . The copper state of the reindeer in the reference area is the highest, although neither high nor low extremes are present, and it is possible that this fact is due to interaction with molybdenum and/or tungsten. Table 5 ). The result is a clear indication and it is shown in Fig. 7 , that the reindeer in Aitik I are the least lead burdened, and those of the reference area the most heavily burdened. The higher lead burden and the better rate in copper supply might be explained by the higher rate of mineralization of the soil of the reference area.
The lead burden of reindeer in Norway showed a wide regional variation (Froslie et al. 1984) . Mean values from 0.19 (Hattfjelldal, mid Norway) to 1.08 mg/kg (Dovre, south Norway, with maximum value of 1.8 mg Pb/kg) were obtained, whereas in our investigation the highest value observed was 1.66 mg/kg. Cadmium: With a view to the fact that cadmium accumulation in liver and kidney is age dependent the groups have been treated according to age for the preliminary study. The result of the statistical treatment (cf. Table 6 ) illustrates this fact when cadmium levels in liver and kidney are concerned.
A heavier cadmium burden of the reindeer of the reference area than of those from Aitik is statistically significant in both liver and kidney for both age groups (P 0.01 for kidney in the younger age group; in the other age groups P is<0.001).
As mentioned above the accumulation of cadmium in liver and kidneys is age dependent.
Therefore , The constants A and B calculated for age dependent cadmium accumulation in kidney and liver for the three groups are shown in Table 7 . Table 8 the calculation as in Table 7 
